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•The continuous spread of non-native species due to anthropogenic activities 
across the globe is disrupting many of the fundamental process in many 
ecosystems. 
•Alliaria petiolata, native to Europe, is a biennial invasive plant that was 
introduced to America in the mid 1800s because of its medicinal properties.
•Several recent studies suggest that Alliaria impairs the growth of plants by 
disrupting the below ground mutualistic relationship between seedling roots 
and arbuscular mycorrhizal fungi (AMF) (Roberts and Anderson 2001, Wolfe 
and Klironomos 2005, Stinson et all. 2006). 
•Species-specific differences in seedling performance and recruitment are a 
critical determinant of the forest structure (Grubb 1977, Pacala et al. 1994).  
•Since Alliaria appears most harmful for young trees, it could cause significant 
changes in the forest ecosystem in the years to come.
•While several studies conducted in the greenhouse support the hypothesis 
that mycorrhizal disruption inhibits tree growth in several hardwood species, 
there has been little study of this hypothesis in the field.
Study Site: The study was performed off route 229 in The Bishops Backbone Forest owned by Kenyon College in 
Gambier, Ohio.  The most common species of trees by cover in the deciduous forest were Acer saccharum (sugar 
maple), followed by Quercus Alba (white oak).   The sites were laid out in a 100m2 forest plot which had been surveyed 
a year early for species location.
Experimental setup:10 sites were established in the 1ha forest plot.
Fertilization treatment: For the fertilized plots (~2 yr) fertilizer tablets (Agriform 10 g planting tablets NPK 20-10-5) 
were inserted adjacent to each seedling at the time of planting. 
Photosynthetic measures: In order to determine if Alliaria and/or fertilizer had an effect on seedling performance, 
photosynthetic rate was measured using Infrared Gas Analyzer under saturating light, with controlled CO2
concentration. 
Data Analysis: Data were analyzed using a generalized linear model (GLM) to determine treatment effects (species, 
Alliaria, fertilization) and their interactions, with site included as random effects to control for site-to-site and seasonal 
variation in environmental conditions
•The most likely explanation for why maples exhibited a 
higher photosynthetic rate during first round measurements 
was that oak leaves were not fully emerged.  The first round 
measurements were taken in late June and many of the oak 
leaves were expanding and still relatively small.  In the 
second round of photosynthetic measures there was no 
variation between species, suggesting the oak leaves had 
reached full maturity.
•Of the two species, maples were more negatively affected 
by the presence of garlic mustard than oaks.   This is 
interesting because maples associate with endomycorrhizae 
(arbuscular mycorrhizae), while oaks are inhabited by 
ectomycorrhizae.  Past research is in accordance with our 
results in that garlic mustard inhibits arbuscular mycorrhizal 
fungi (Stinson et al. 2006); however, there is no research 
available on the effect of Alliaria on ectomycorrhizae.
•The fact that the seedlings had to adjust to a new 
environment after planting and the lack of rainfall this 
summer could have caused significant effects on plant 
survivorship and prosperity.  Another factor that could have 
impacted results was weeding of the non-Alliaria plots. 
•The fertilization of maples increased photosynthesis while 
there was little effect of fertilization in oak species.  It is 
possible that the presence of fertilizer was able to help 
counteract the negative effects of garlic mustard in maples. 
•Nitrogen content of the leaves as well as 
canopy cover will be measured to better 
understand the results.  
•Mycorrhizal assays will also be performed 
to determine mycorrihzal colonization for 
each species.
•Continuing the study in the future will help 
enforce observations made this summer. 
The non alliaria plots will be weeded 
throughout the year. This should decrease 
garlic mustard toxins in the soil.
I collaborated with Ellen Thompson and Amy 
Kessler on data collection and analysis.  I would 
like to thank Professor Kerkhoff for his guidance in 
the project as well as his knowledge in the subject 
area.  Thanks to Stu Fety and Amy Strieter for 
helping with seedling planting and experiment 
layout.  The Kenyon College Summer Science 
Program provided funding for the study.
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Second round measures showed that photosynthetic rate 
was higher in weeded blocks than with Alliaria present 
( F=2.91 p=0.091). When looking at maples alone the 
negative affect of Alliaria on photosynthesis was even 
greater (F=3.77, p=0.057).
Early in the season photosynthetic rate differed by 
species, with maples having an 8% higher rate 
than oaks ( F=3.68, p=0.056), while results from 
the second round showed no difference between 
species. 
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There was also an interaction 
between species and fertilizer in 
which the presence of fertilizer 
increased photosynthesis in 
maples while there did not 
appear to be an effect in oaks 
(F=3.44, p=0.066). 
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The Effect of Alliaria petiolata and Fertilization on Photosynthetic Rates 
in Acer saccharum and Quercus alba
Kaleb Keyserling ’09 and Andrew Kerkhoff, Department of Biology, Kenyon College, Gambier, Ohio
Abstract
This study examines the affect of garlic mustard (Alliaria petiolata) and 
fertilizer on tree seedlings using photosynthesis as a measure of performance.  
Measurements of photosynthetic rates in Acer saccharum and Quercus alba
suggest that Alliaria negatively affects tree seedling performance.  We show 
that Alliaria has a more negative impact on maples with endomycorrihzae 
association than on oaks, which have ectomycorrihzae association.  The study 
also suggests an interaction between fertilization and species where maples 
have increased photosynthesis in the presence of fertilizer while oaks show a 
decrease in photosynthesis.
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